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(57) Abstract 

A disposable biochemical test apparatus for use in filter assays and static assays. A preferred fbrm of the apparatus 
is substantially rectangular, comprising an upper surface (13), trapezoidal side support walls (15) providing stability, a bot- 
tom surface (11), and end plates (16, 17) at each end. The upper surface (13) forms a planar template containing six tap- 
ered cylindrical apertures or wells (12) arranged linearly and extending through the template. Undeaiying the template is a 
microporous membrane (14) bonded to the lower surface of the template. One of the end plates (17) has" an exit port (19) 
which provides an exit for fluids from the enclosed region. The bottom surface (1 1) forms an exit ramp (18) slanting up- 
ward from the exit port (19) to the other end plate (16), The apparatus is provided as a single unit which may be disposed 
of after use. In use a syringe aspirates fluid by providing gentle vacuum through the exit port (19). 
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DISPOSABLE IMMUNOASSAY AND BIOCHEMICAL 
TEST DEVICE SUITABLE FOR FIELD AND OFFICE USE 



BACKGROUND OF THE INVENTION 
5 1. Field of the Invention. 

The present invention relates to an apparatus for 
biochemical testing, such as spot tests, immunoassays, and 
similar reaction sequence which may involve a colored or 
chromogenic end point ♦ In particular, this invention relates 
10 to a multi-well device in which the lower surface of each 
well is a microporous membrane. Removal of reagents 
deposited in the wells is accomplished by applying a gentle 
vacuum across an enclosed region under the membrane with a 
syringe or equivalent device. 

15 

2. Background Information. 

Microtiter wells are used in biochemical, clinical and 
biological laboratories for a multitude of functions 
including immunoassays such as the RadioImraunoAssay (RIA) and 
20 Enzyme Linked Immunosorbent Assay (ELISA) . In the ELISA 
process, a critical specific reagent is tagged with an 
enzyme, and addition of the appropriate enzyme substrate 
results in the development of a visually detected chromogenic 
product . 

25 Such assays are widely used to detect and quantify 

specific antibodies in serum. The antibody test sample is 
added to a microwell in a plastic plate previously coated 
with an antigen to which the antibody will attach in a 
specific fashion. Conversely, an antibody can be affixed to 

30 the wells to detect an antigen in test samples. To 

facilitate rinsing, many devices incorporate a microporous 
membrane in the lower well surface, such that liquid can pass 
through the well itself. 

One of the known designs is a two-piece ELISA filter 

35 device using multiple wells and membranes which are precoated 
with antigens or antibodies. Therefore, us®s of this device 
is restricted to particular ligands. The membranes are 
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provided for regulation of fluid f low- through . Rather, the 
rate of fluid flow is governed by the hydrostatic pressure 
exerted on a drop of liquid deposited on the upper membrane 
surface as it rests on the top of the membrane. Reaction 
5 time is controlled by the resident time of the sample within 
the membrane pores . . 

Another example of a known device used to assay liquid 
samples for the presence of a diagnostic reagent consists of 
a telescoping top and bottom member which define a liquid 

10 reservoir therebetween. The top member has a multiplicity of 
test wells each having a bottom opening to the periphery to 
-which the top member has a coreactant immobilized on its 
internal and' external surfaces and permits passage of fluid 
through predetermined passageways^ A sorbent material is 

15 placed in the reservoir between the two members* After the 
liquid sample is placed in a fluid passageway on the top 
member,, the top member is depressed to pass the sample 
through the membrane into the sorbent material. The sorbent 
material is held in the base which consists of a surface 

20 layer preferably non-wetted by the liquids used and a bulk 
layer sufficiently thick to absorb all the liquids passing 
through the fluid passageways* 

Still another apparatus is a reusable device consisting 
of a filter membrane clamped between a multi-well manifold 

25 and a vacuum chamber utilizing a sealing rubber gasket. A 
minute hole in the well bottom allows capillary action to 
hold the ligand above the filter until a standard vacuum is 
applied to the vacuum nipple using a connecting hose. The 
membrane may consist of an individual disk in each well, 

30 allowing removal of the individual disks, or a continuous 
sheet clamped between the upper element and its base. 

Another device in use consists of an apparatus having a 
plurality of racks carrying cylindrical reaction vessels, 
each having a porous bottom connected to separate chambers. 

35 The reaction vessels can be emptied simultaneously by suction 
from a combination vacuum pump, and pressure nregula tor . 
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The structures currently known are characterized by 
uneven and unreliable sealability between wells, resulting in 
well-to- well contamination. The lateral leakage is a 
serious failing because it obscures test results* The 
5 complexity of previous, devices may require lengthy assembly 
time, frequently involving gaskets and clamps and/or screws 
to obtain a seal. Filter misalignment and improper assembly 
lead to air leaks and contamination of wells by lateral 
migration and regulators as a means to withdraw fluids from 

10 reaction wells are expensive, bulky, require power to run and 
make fine control of pressure very difficult. These 
-characteristics make many of the known unsuitable for field 
use. Furthermore, the person performing the tests may be in 
contact with hazardous chemical solutions when the reservoirs 

15 are emptied and cleaned. 

DISCLOSURE OF INVENTION 

The present invention provides a disposable biochemical 
test apparatus for use in chromogenic filter-based assays and 

20 static assays- The apparatus comprises an upper surface, a 
side wall and a bottom surface to form an enclosed region. 
The upper surface comprises a planar template having top and 
lower surfaces and containing a plurality of spaced . apertures 
extending from the top surface through the template to the 

25 lower surface, each aperture being larger in the top surface 
and smaller in the lower surface, thereby providing conical 
sloping sides in the aperture, A microporous membrane is 
placed in the enclosed region so as to underlie the template, 
the membrane having sufficient dimension to cover the lower 

30 apertures. An exit port is provided to enable fluids to exit 
the enclosed region. An exit ramp, covering the bottom 
surface and slanting upward from' the exit port, is also 
provided . 

The one-piece disposable test apparatus of the present 
35 invention is designed to providepa plurality of discrete 

wells arranged in a horizontal ' array to permit a multitude of 
biochemical tests to be run simultaneously. The device 
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overcomes the disadvantages of similar devices previously 
known by its simplicity of design and ease of operation. The 
device generally is comprised of a clear plastic block having 
a plurality of wells in its upper surface with the wells 
5 sloping inwardly. The sloping nature of the upper wells 

allows one to view the entire array of well bottoms and make 
visual or instrumental observations with ease^ 

The well bottoms are covered by a porous cellulose 
nitrate membrane, for example, and the lower surface of the 

10 enclosed region is ramped to an exit port. In other words, 
the exit ramp commences near the lower apertures and slants 
-downward toward the exit port to enhance the migration of 
liquids to the exit port. A vacuum is created in the 
enclosed region to move liquids in the wells" through the 

15 membrane toward the exit port of the apparatus. Flow through 
the wells is under operator control. All reactants and wash 
fluids are moved through the exit port to a reservoir and the 
entire assembly is disposed of without exposing the operator 
to any of the chemicals contained therein. The invention is 

20 designed to be simple, inexpensive to manufacture and may be 
comprised of two or more molded plates sealed together 
resulting in a one-piece disposable unit. Without any 
necessity for a vacuum pump and line current, the unit is 
especially well adapted to office and field use. 

25 

BRIEF DESCRIPTION OF DRAWINGS 

Fig, 1 is a perspective view of one embodiment of the 
present invention; 

Fig. 2 is a cross-sectional view taken along line 2 — 2 
30 of Fig. 1; 

Fig. 3 is an end view of the embodiment of Fig. 1; 

Fig. 4 is a perspective view of 'another embodiment of 
the present invention; 

Fig. 5 is a cross-sectional view taken along line 5 — 5 
35 of Fig. 4; 

Fig. 6 is a perspective view ~Df futher embodiment of 
the present invention; and 
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Fig, 7 is a cross^sectional view taken along line 7 — 7 
of Pig. 6. 



MODES FOR CARRYING OUT THE INVENTION 

5 Fig- 1 depicts a disposable biochemical test apparatus 

10 having an upper surface 13 containing apertures or wells 
12 permitting fluids to contact a membrane 14 and pass 
through the membrane 14 into an enclosed region provided by 
the side walls 15, the upper surface 13, the bottom surface 

10 11 and the end plates 16 and 17. The exit ramp 18 permits 
the liquid to migrate toward the exit port 19. 

Fig. 2 shows the test apparatus of Pig. 1 in a cross- 
sectional view taken along line 2 — 2. The upper surface 13 
contains apertures 12 which are tapered conical apertures 

15 with the smaller aperture at the bottom contacting a 

microporous membrane 14. After solutions are placed in the 
wells 12, and a vacuxim is applied, the liquid passes through 
the membrane 14 and is deposited on the exit ramp 18. The 
liquids thereby exit at the exit port 19 into a syringe or 

20 like instrument which has provided suction and vacuum to draw 
the liquids through the membrane 14, the enclosed region 20, 
and exit port 19 in succession. The bottom surface 11, the 
end plates 16 and 17, and the side walls 15 along with the 
top surface 13 provide the enclosed region 20. The test 

25 apparatus and the syringe or like instrument containing the 
withdrawn liquid are disposed of after the results are 
recorded. 

Fig. 3 is an end view through a clear plastic end plate 
16. The upper surface 13 contains the apertures or wells 12 

30 which exit onto a microporous membrane 14. The side walls 
15, the bottom 11, the top surface 13 and the end plates as 
depicted by 16, provide the enclosed region 20 containing any 
liquids which may have migrated through the membrane within 
the interior of the structure . 

35 Pig. 4 is a perspective view of a test apparatus 40 

having an upper surfa-ce 43 in the shape of a frustum of a 
cone, in this case a circle, which has apertures or wells 42, 
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a side wall 4S, a bottom surface 41 and an exit port 49. 

Fig. 5 is a cross- sectional view taken along line 5 — 5 
of Fig. 4. The lower portions of apertures 42 contact a 
membrane 46. The upper surf ace 43 , the side wall 45, and the 
5 bottom surface 41 provide an enclosed region 44, A funnel- 
shaped exit ramp 48 is provided to assist in migration of 
liquids from the membrane 46 toward the exit port 49. 

Fig. 6 is a perspective view of a test apparatus 60 
which contains within it an integral plunger 68 and a 
10 reservoir 67 and 72 which enables use without the necessity 
of an external syringe or like instriiment. As shown in Fig. 
'1 , the apparatus 60 has apertures 62 which are covered on the 
bottom by a membrane 63. An exit ramp 65 lies below the 
membrane 63 and forms the lower portion of an. enclosed region 
15 64 such that liquids passing through the membrane 63 auid 

entering the enclosed region 64 collect via gravity and drain 
through the lowermost port toward exit port 66, which is 
continuous with a reservoir 67. Within the reservoir 67 
there is a tight fitting moveable plunger 68. By drawing 
20 back on the flange 71, which is connected to a shaft 69^ the 
ratio of space in reservoir 67 to the space in reservoir 72 
increases, thereby creating a partial vacuum in contiguous 
spaces 65;. 66 and 67. The use of a plunger 6 8 affords 
control by the operator over the rate of passage of liquid 
25 through the membrane 63. A shaft guide 70 helps align the 
plunger-shaft 69 as it draws back the plunger 68. 
Alternatively, the fixed shaft guide 70 could be threaded/ 
such that the shaft 69 ajid the plunger 68 are withdrawn by a 
circular motion of the flange 71 instead of a direct outward 
30 pull on the flange 71. 

A typical embodiment of the present invention is a test 
apparatus containing eighii wells spaced evenly apart in the 
top surface of a test plate r which test plate is a 
rectangular block approximately 2.5 cm by 14 cm by 1.5 cm 
35 high. The substantially ^r^ectangular block is made of a clear 
rigid inert plastic such as Lexan to facilitate the viewing 
of the fluid motion and transfer. The ends of the test 
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apparatus are plates which are trapezoidal in shape, having 
the long side of the trapezoid at the base for stability of 
the apparatus when it is placed on a surface for use. 

The shape of the apparatus may vary and thus need not be 
5 rectangular. A circular embodiment is shown in Figs, 4 and 
5. Other shapes such as a square or a triangle are 
satisfactory. 

The microporous membrane may be constructed of any media 
capable of immobilizing a biochemical species including 

10 antigens, antibodies, cells, precipitates and the like. The 
pores are smaller than the particles one wishes to retain on 
.the upper surface and also small enough so as to prevent the 
migration of liquid through the membrane by gravity alone. 
The pores are large enough, however, so that liquid will 

15 drain through the membrane when a gentle vacuum is applied. 
Suitable materials for the membrane include cellulose 
acetate, cellulose nitrate, mixed cellulose esters, 
nitrocellulose , nylon, poly tetrafluoroe thy lene, polyethylene, 
and polypropylene. Other suitable materials will be apparent 

20 to those skilled in the art. In a preferred embodiment of 
the present invention, the membrane has pores averaging 0.45 
microns in size. 

The membranes can be affixed to the template containing 
the apertures or wells in any one of several ways. Bonding 

25 methods include chemical bonding, for example with a solvent 
or adhesive, thermal bonding, for example, ultrasonic 
welding, or the membrane may be molded in place. The precise 
method is inmaterial so long as lateral migration of liquid 
in the membrane is prohibited. 

30 The apertures may be arranged in any desirable 

configuration so long as the apertures are spaced, preferably 
spaced at least 1 cm from center-to-center from each other. 
The size of the aperture as measured across the upper 
aperture is preferably about 7.5 mm in diameter; however, 

35 the size may vary according to need. 
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INDUSTRIAL APPLICABILITY 

The lower surface of each well or aperture empties 
through the luicroporous membrane onto a sloped ramp which 
slopes toward an exit port to facilitate drainage. A vacuum 
5 is applied to the exit port to allow the removal of the 
accumulated fluids i Typically a 5- or 10-milliliter 
disposable syringe connected by a 5- to 13-cm length of 
inert plastic tubing facilitates fluid removal and allows 
fine control of fluid flow-through , i.e., pressure, to be 

10 easily accomplished. The flow- through mode of operation is 
useful in procedures involving contacts between mobile and 
.immobile species wherein the latter is either covalently 
bound to the membrane or is unable to penetrate it and the 
former is suspended in the fluid in the well of the membrane. 

15 The static mode of operation initially uses no vacuum 

and is useful in procedures requiring prolonged contact of 
two or more reactants in the fluid phase. Once the reaction 
is complete, vacuum is applied and filtration is achieved by 
utilizing the flow-through operation. 

20 In a typical use of the invention, a test apparatus is 

connected through its exit port to a plastic disposable 5- or 
10-milliliter syringe with a 7.5-cm length of tubing. 
Samples from 50- to 250 -micro liter aliquots are placed in 
each of the apertures or wells . The samples may be incubated 

25 for 5 to 10 minutes at 20 to 37 degrees C followed by 

removal through gentle vacuum created by pulling the syringe 
plunger outwardly. The test antigen may be a bacterial 
suspension or a soluble antigen bound to inert carrier 
particles. 

30 Mext a blocking agent is placed in the apertures . It 

may consist, for example, of 1% casein or 5% serum. Next is 
the addition in the apertures of a primary specific antibody. 
After the antibody is added the samples are treated with 
buffer rinse. * In each of the steps vacuum is applies. Next 

35 a secondary antibody with a marker such as an enzyme^ is 
added and is followed by a buffer rinse. Then an enzyme 
substrate is added which also is followed by a buffer rinse. 
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After each step, the plunger of the syringe is pulled 
outwardly just enough to cause the liquid in the wells to be 
pulled through the membrane and deposited in the enclosed 
region or in the reservoir of the syringe. At this point the 
5 test is completed and scores for the presence or absence of 
chromogenic or colored end products may be recorded by 
observation. 

The volume of the enclosed region should be selected so 
that the application of vacuum supplied by a 5- or 

10 10-milliliter syringe is sufficient to draw the fluids from 
the wells through the membranes and into the enclosed region. 
-Generally, the capacity of the syringe is sufficient to pull 
the liquids into the enclosed region after each step in the 
process. In an apparatus wherein the syringe is part of the 

15 apparatus (see Figs. 6 and 1), the reservoir will be of 
sufficient size to apply vacuum after each step in the 
process. Thus the flange is pulled outwardly a little at a 
time until the procedure is completed thereby drawing any 
liquids residing in the wells through the membranes into the 

20 enclosed region and on into the reservoir. 

The foregoing description is offered primarily for 
illustration purposes only. It is not intended that the 
present invention be limited to the particular structures and 
methods of operations set forth above. It will be readily 

25 apparent to those skilled in the art that numerous 

modifications and variations not mentioned herein can still 
be made without departing from the spirit and scope of the 
invention as herein claimed. 

■r 
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LISTING OP REFERENCE SIGNS AND FEATURES 

test apparatus 10 

bottom surface 11 

apertures or, wells 12 
5 upper surface 13 

membrane 14 

side walls 15 

end plate 16 

end plate 17 
10 exit ramp 18 

exit port 19 

enclosed region 20 

circular test apparatus 40 

bottom surface 41 
15 apertures or wells 42 

upper surface 43 - * 

enclosed region .44 

side wall 45 

membrane 46 
20 exit ramp 48 

exit port 49 

test apparatus. 60 

apertures 62 

membrane 63 
25 enclosed region 64 

exit ramp 65 

exit port 66 - 

reservoir 67 

plunger 68 
30 shaft 69 

shaft guide 70 

flange 71 

reservoir 72 
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11 
CLAIMS 

Having thus described the invention, what it is desired to 
claim and thereby protect by Letters Patent is: 

5 

1. Disposable biochemical test apparatus for use in 
chromogenic . filter assays and static assays under field and 
office conditions, said apparatus comprising an upper 
surface, a side wall and a bottom surface to form an enclosed 

10 region, said upper surface comprising a planar template 
having a top surface and a lower surface and containing a 
-plurality of spaced apertures extending from the top surface 
through the template to the lower surface, each aperture 
being larger in the top surface and smaller in the lower 

15 surface thereby providing conical sloping sides in the 

apertures whereby the entire array of well bottoms may be 
viewed with ease; a microporous membrane in the enclosed 
region bonded to said lower surface so as to underlie the 
template, said membrane having sufficient dimension to cover 

20 the lower surface of the template and having pores that are 
smaller than the particles to be retained on the upper 
surface of the membrane and that are small enough to prevent 
the migration of liquid therethrough by gravity alone; an 
exit port located adjacent the lowest point of said bottom 

25 surface for the removal of fluids from said enclosed region; 
and an exit ramp located below said membrane and sloping 
downward' toward said exit port, 

2, The apparatus of Claim 1, wherein said membrane 
30 comprises a member selected from the group consisting of 

cellulose acetate, cellulose nitrate, a mixed cellulose 
ester , nitrocellulose, nylon , poly tetraf luoroethylene , 
polyethylene, and polypropylene. 

35 3. The apparatus of Claim 1, wherein said apertures are 

arranged with center-to-center spacing of at least about 1 cm 
and each aperture has a diameter of about 7.5 mm. 
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4. The apparatus of Claim 1 wherein said microporous 
membrane contains pores averaging about 0.45 microns in size. 

5 5. The apparatus of Claim 1 wherein the shape of said 

apparatus is substantially rectangular. 

6» The apparatus of Claim S ^ wherein said side wall 
comprises a trapezoidal element having a base edge for 
10 resting on a horizontal work surface wherein said base edge 
of the trapezoidal element is longer than the top edge of 
.said element 1^ whereby the apparatus is stabilized against 
inadvertently being tipped over, 

15 7. The apparatus of Claim 1l, wherein the shape of said 

apparatus is substantially that of a frustum of a cone and 
said exit ramp is substantially funnel-shaped. 

8. The apparatus of Claim 1, wherein said exit port is 
20 attached by tubing to a syringe. 

9 . The apparatus of Claim 1 , wherein said apparatus is 
provided with an integral reservoir containing a plunger such 
that when said plunger is activated ^ vacuum is created in 

25 said enclosed region and said reservoir. 
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